In response to the increasing importance of a college education, this study investigates the college access trajectories of targeted racial and linguistic minority students and recommends ways to promote their college access. High school completers drawn from the U.S. National Center for Education Statistics were tracked for eight years, and a series of discrete-time survival analyses was conducted. The results revealed significantly lower college access rates for racial and linguistic minority students than for comparable White English-speaking students. Information and Communication Technology (ICT) access and ICT use for educational purposes were identified as potential ways to support college access for racial and linguistic minority students.
Given the importance of postsecondary education, college access and equity have been critical policy considerations in recent years. A college-education is essential to today's competitive global economy (Barra & Zotti, 2017; Waryoba, 2017) . Without a college degree, it has become increasingly challenging to obtain a good-paying career (Brannelly, Lewis, & Ndaruhutse, 2011; Carnevale, Smith, & Strohl, 2013; Kenayathulla, 2013) . Postsecondary education remains one of the most influential factors determining future earning power (Lavrinovicha, Lavrinenko, & Teivans-Treinovskis, 2015; Smythe, 2019) , and individuals with college degrees report lifetime earnings one million U.S. dollars more than those only with high school diplomas (Barrow, Brock, & Rouse, 2013) . Beyond these financial aspects, there are social and community benefits since college graduates tend to have better physical and psychological health, engage more in educational activities with their children, and take on more volunteer work compared with high school graduates (Ma, Pender, & Welch, 2016) .
Recognizing the important role of postsecondary education, there has been a national drive to improve the college access rate for young people in America, with President Obama emphasizing increased access to college for American youths as one of his important education agenda items (White House Press Secretary Fact Sheet, 2010) . Efforts to improve the college access rate seem to be achieving some success given the tremendous growth of higher education in the United States in recent years. According to national data from the US government, approximately 19.8 million students were attending postsecondary degree granting institutions as of fall 2016 (Snyder, de Brey, & Dillow, 2019) . The number of students enrolled in college was 24% higher in 2006 than in 1996 and increased by a further 12% between 2006 and 2016.
However, a closer examination of college participation rates reveals that some student subgroups still suffer from a noticeably lower rate of college enrollment. For instance, although 66% of Caucasian high school graduates went on to attend college in 2016, only 51% of Afro-American students and 59% of Hispanic students did so (Cahalan, Perna, Yamashita, Wright, & Santillan, 2018) . In addition to these racial disparities, another gap exists across the different linguistic groups. This is becoming increasingly important because as of 2015, more than 4.7 million English Language Learners (ELL) were enrolled in public elementary and secondary schools (Snyder et al., 2019) . Educators need to pay urgent attention to the comparatively lower college access rate of these ELL students (Johnson, 2019; Kanno & Cromley, 2013) . To address these racial/linguistic disparities, in this study we sought to investigate college access trajectories of students from various racial and linguistic groups.
We began by identifying three types of Information and Communications Technology (ICT) variables (i.e., Internet access at home, computer use for school work, computer use for learning on their own) as potential interventions to improve college access for diverse students, with a specific focus on positive outcomes due to Internet access and computer use for learning. The Internet and computers were targeted ICT due to their widespread availability among young people (Organization for Economic Cooperation and Development [OECD], 2017) . Internet access and computer use have also been shown to have positive effects on other types of academic attainments (e.g., mathematics and science achievement; high school completion) for educationally disadvantaged students from diverse racial and linguistic groups (Kim, 2018a; 2018b; Kim, Chang, Singh, & Allen, 2015) . Educationally marginalized students are often first-generation college students, and without college-educated family members to guide them, the students often fail to obtain information essential for college application (Engle, 2007) . While the Internet does not resolve this problem, it could provide the inexhaustible access to critical college information and resources (Wohn, Ellison, Khan, Fewins-Bliss, & Gray, 2013) . Using computers for learning can also help educationally marginalized students to acquire the technology knowledge and skills that they will need to successfully utilize the online college information they acquire via ICT access (Eynon & Malmberg, 2011) .
In particular, ICT use for autonomous learning might also be helpful for educationally marginalized students without experienced guides in their families who can help them successfully complete the online college application process (Venegas, 2006; Sumuer, 2018) .
To empirically explore the association of three ICT variables with college access, we applied survival analyses to data extracted from the Educational Longitudinal Study (ELS), a U.S. nationally representative dataset from the National Center for Education Statistics (NCES). Survival analysis is an advanced statistics analysis technique that is used to investigate categorical outcome variables (in this case, college access vs. no access) measured over time (Singer & Willett, 2003) .
The main objective of this study was to answer the following research questions: (i) Do students from diverse racial and linguistic groups in the United States exhibit differences in college access? What is the trend of the college access trajectory for these diverse students? (ii) The selected variables (such as internet access, computer use for schoolwork, computer use for autonomous learning) are associated with college access probability for students from diverse racial and linguistic groups?
College Access
Ever since the 1970s, the overall trend in the number of undergraduates enrolled in degree-granting institutions has been upward, revealing the growth in this sector over time (Cahalan et al., 2018) . In less than three decades, college enrollment in the United States rose from around 26% in 1980 to approximately 40% (Aud, Fox, & Kewal Ramani, 2010) . However, despite this growth, the U. S. are not yet free from college access issues. This statement can be partly supported by an international comparison. According to a report entitled Education at a Glance (OECD, 2017), the U. S. is experiencing a slower increase in the attainment rate of college degrees than their international peers, declining from 2 nd among 30 countries in 2000, with an attainment rate of 30%, to 18 th among 37 countries in 2017 an attainment rate of 37%.
Within the United States, the racial gap in college enrollment, a critical initial step towards college degree attainment has been a grave concern for some time (Perna, 2015) . In 1976, out of high school graduates, African (Afro)-American (33%) and Hispanic (34%) students demonstrated lower college enrollment rates when compared with White students (41%), and unfortunately, this racial gap has not narrowed since 1976 (Cahalan at el., 2018) . For this study, we also considered another gap, the college access problem for ELL students. Out of ELL high school students, less than 70% of students completed high school on time as compared to all US students where 84% of students completed high school on time. Fewer than 55% of ELL high school students went on to colleges, compared to more than 75% of native English speakers (Johnson, 2019; Kanno & Cromley, 2013) .
College and Internet Access
In order to access college successfully, students need to be informed of appropriate college preparation and what their choices will be, and provided with essential resources related to the college preparation and enrollment process (Akerhielm, Berger, Hooker, & Wise, 1998; Tierney & Jun, 2001) . Regrettably, despite the importance of obtaining this critical college information and the related resources, educationally marginalized students have often encountered a number of challenges that prevent them from obtaining the essential information and resources. For example, many educationally marginalized students suffer from a lack of college advice or guidance in the college enrollment process at home if they lack college-educated parents or siblings (Engle, 2007; Martinez & Welton, 2014; Vega, Moore III, & Miranda, 2015) . Also, their schools often fail to supply their parents with the crucial resources needed to help them to guide their children through the college application process with school personnel acting as gatekeepers to college access (Martinez, Cortez, & Saenz, 2013; Martinez, Vega, & Marquez, 2019) . As more and more higher education institutions have distributed pre-college and application information via their institutional websites on the Internet, when asking for online applications, even those disadvantaged students with good access to the Internet are expected to obtain college-enrollment information and resources to successfully gain college access (Daun-Barnett & Das, 2010; Taylor, 2018) .
In recent years, racial minority groups have benefitted from huge increases in Internet adoption at home (National Telecommunications and Information Administration [NTIA], 2018). As of 2017, the percentages of Afro-Americans (65.3%) and Hispanics (64.5%) with Internet access at home were far higher than in 1998, when only 9.2% and 8.7%, respectively, had the Internet access at home. Despite this increase, however, ethnic minority groups still have lower Internet access rates than their White peers (75.2%) as of 2017.
Additionally, students' Internet access at home is often influenced by their linguistic status according to a report by the NCES (Kewal Ramani at el., 2018). Compared with their Non-ELL peers (93%), ELL students showed a much lower Internet access rate (82%). Considering the potential links between the Internet and college application process (Dettling, Goodman, & Smith, 2018) , educators need to take account into the comparatively low Internet access rates among racial/linguistic minority students, as this possibly relates to their college access. In view of its potential contribution to improving college access for racial and linguistic minority students, in this study we examined Internet access status and its potential benefits for these students.
Computer Use for Educational Purposes
In addition to Internet access, this study included computer use for academic purposes as a potential medium facilitating students' transition to college. Despite the potential for ICT to have positive influences on college participation, access to ICT alone is not enough. Mere access can expose students to challenges such as those resulting from a complicated application process which involves an enormous quantity of college information. This often overwhelms students, hampering their efforts to obtain all the full information they need and/or select the correct information to support their successful college access (Daun-Barnett & Das, 2013; Klasik, 2012) .
As a possible way to mitigate these issues, we speculated that previous experience with computer use for academic purposes could equip students with the digital skills they would need to evaluate and utilize online information appropriately for successful college enrollment (van Deursen & van Dijk, 2015) . Out of the various types of ICT uses, we therefore focused on computer uses, as youths tend to use computers for learning and pragmatic purposes, in contrast with their preferred usage of mobile devices, such as iPhones for recreational purposes (Mossberger, Tolbert, & Hamilton 2012) . Frequent computer use for academic purposes can help students develop digital skills and utilize ICTs to locate and evaluate the college information and choose and manipulate the necessary college information throughout the complex college application process (Lee, Tsai, Chai, & Koh, 2014) .
Computer Use for Autonomous Learning
Despite the fact that ICT has improved the accessibility and presentation of college information, educationally marginalized students and their parents often fail to benefit fully from online application processes without support from someone who can help them understand and evaluate which aspects of the college information are relevant/required for college admission and financial aid process (Daun-Barnett & Das, 2013; Venegas, 2006; Fairlie & Bahr, 2018) . Minority students reported that they were very aware of this lack compared to their peers who had parents or siblings who could help them apply for college and financial aid online if asked (Brown, Wohn, & Ellison, 2016) .
Considering that many racial and linguistic minority students do not have access to college-educated guides (i.e., siblings/parents) at home, we therefore sought to investigate the potential of frequent use of computers for autonomous learning to promote students' acquisition of an adequate degree of knowledge and skills for the successful completion of the online enrollment process. For minority students without assistance from college-educated family members, more frequent use of computers for autonomous learning may provide opportunities to attain the knowledge and skills they require to exert more control over their own online college application process, which involves the identification of their own needs, the selection and the utilization of online college resources and information, and the evaluation of their own progress toward their college enrollment goals (Sumuer, 2018) .
Method

Participants
This study employed longitudinal data from the Education Longitudinal Study of 2002 (ELS: 2002), a US nationally representative database from NCES. ELS: 2002 focused on the transition of young people from high school (10th grade) into postsecondary education and the workplace. ELS: 2002 started with a nationally representative cohort of high school sophomores. The sample size is about 16,000, representing nearly 3,343,000 10th graders in 2002 in the US. In this study, we drew a subsample of 10th graders in the African (Afro)-American, Hispanic ENG, Hispanic ELL, and White groups.
The weighted total number of these students were 13,342 comprising all four racial/linguistic groups as follows: 15.1% were Afro-American students (n = 2,017), 8% were Hispanic ENG students (n = 1,065), 8.1% were Hispanic ELL students (n = 1,081), and 68.8% were White students (n = 9,179). The first three of these groups were the target groups, whose low college access rate this study aimed to promote.
In this study we examined the trajectory of college access for the target groups in comparison with that of the White group, who served as a reference group. To help achieve high generalizability, this study adopted the total student weight (F3BYTSCPSWT), which addresses students' comprehensive educational experiences including their transcript data from high school to postsecondary school.
Instruments
The NCES developed and used survey instruments to measure student educational experiences by collecting the information such as student individual information (e.g., gender, race), environmental information on student home, school, and community, and student outcome information (e.g., grade, and college access). With the goal of facilitating the development of statistical analyses by researchers in the field, NCES organize and transform survey items into respective survey and composite variables. By benefitting from rich and extensive dataset of ELS, this study chose the student individual, background, and outcome variables relevant to research questions.
As main predictor variables for college access, this study used survey items on ICT variables: Internet access at home (Internet), computer use for schoolwork (ComSchool), and computer use for learning on their own (ComOwn). To represent students' Internet access, Internet access was coded 1 for Internet access and 0 for no access. The frequency of these two computer variables was measured on a 5point scale ranging from 1 (Never) to 5 (Every day or almost every day).
The major student outcome of interest was the college access, which this study coded as 1 for a student's college access and as 0 for no college access, by utilizing survey items on college access status from student transcript data. To measure the time to college access, this study adopted a survey item on the number of months between high school completion until first college access. This study created eight-time variables, termed T1, T2, ..., T8, to denote each year necessary to build a series of discrete-time survival models, as the ELS:2002 tracked the students for eight years after their high school completion in order to measure their college access status.
In order to control for the effect of other important contextual variables on college access, this study incorporated student gender, socio-economic status (SES), and the composite score for mathematics and reading standardized tests (Math/Reading) into the survival analyses. For student gender, a gender variable was converted to a dummy variable (Male) to represent male's access status compared with female as a reference (Male=1; Female=0). SES is a composite score from the NCES, resulting from combining standardized components of parent/guardian educational level, family income, and parent/guardian occupation. Also, Math/Reading is a composite score, represents the average of the math and reading standardized scores. These ELS composite scores feature acceptable to good reliabilities (Ingels et al., 2014) .
To explore the potential differences in access trajectories across the target racial and linguistic groups, this study utilized student items on racial/linguistic status from ELS and created three dummy variables, with the White group (White) as the reference group: Afro-American (Afro-American = 1; Not Afro-American = 0), Hispanic ENG (Hispanic English-speaking = 1; Not Hispanic English-speaking = 0); and Hispanic ELL (Hispanic ELL = 1; Not Hispanic ELL = 0). Afro-American ELL was not included due to the sample size being too small for a valid survival analysis. To reach the conclusion with high generalizability, this study applied a relative weight that was created by dividing the weight variable by the mean of the weight for the analysis (Thomas, Heck, & Bauer, 2005) .
Procedure
As a sampling procedure for the ELS:2002, the NCES adopted a random stratified approach which sampled schools first and students within those schools, resulting into nationally representative 10 th graders. As a longitudinal study to explore students' transition from high school into college, the ELS:2002 tracked these sampled students until the year of 2012-2013, starting from the base year of 2002. In 2004, these sampled high school students were then augmented in the first follow-up study to represent high school seniors. In 2006, roughly two years after high school, the second follow-up study collected data on access to postsecondary institutions, choices of enrollment and college major, and other aspects of college experience. In 2012, approximately 8 years after high school, the third follow-up study obtained the data on college enrollment and employment trajectories, marital status, and families. Also, in 2013, postsecondary transcripts were obtained with the data on all completed courses, and student financial aids for college education.
Data analysis
This study conducted statistical analyses in three stages. For the initial stage, prior to the main survival analyses, this study obtained foundational features of the data via descriptive statistics and correlation analyses. As the main analytical method, this study utilized survival analysis as this is a suitable tool for exploring the occurrence, timing, and predictors of college access events in a longitudinal framework (Allison, 2010; Hosmer, Lemeshow, & May, 2008; Singer & Willett, 2003) . This study then moved on to build a series of life tables that provided an overview of the college access trajectories of the targeted racial/linguistic groups over time. The life tables were particularly helpful in providing information on the access/no-access history and identifying the distinctive features of each of the four groups, with a year as a time unit. By plotting access probabilities and accumulated probabilities for no access, obtained from the life tables, this study also obtained a graphical representation of the college access/no-access patterns over time across the different racial/linguistic groups. Here, the access probability represents the proportion of high school graduates who accessed college during a given time period, while the no-access probability indicates an accumulated proportion of high school completers who did not access college by the end of the given time period.
In the final stage, this study built a series of discrete-time survival models following the recommendations of Singer and Willett (2003) . Specifically, for the discrete-time models, this study adopted a completely general time specification featuring good model fit statistics, as this study included all eight time points (eight years) to estimate access probabilities during the eight-year study period. To answer research questions, this study constructed the following survival models: Group Model, Complete Model, White Model, Afro-American Model, Hispanic ENG Model, and Hispanic ELL Model. The Group Model explores group differences in access trajectories by including only racial/linguistic group variables, in addition to time variables, in the model. The Complete Model is the most comprehensive as it includes all the contextual variables in the Group Model to examine the effect of contextual variables on college access for the White group, while still accounting for the racial/linguistic group differences. The other four models investigate the association between the access probability and the contextual variables for each of racial/linguistic groups.
As the first of the six hazard models, this study built a simple model, the Group Model, and explored the differences it revealed in the access probabilities across the various racial/linguistic groups compared with the reference group. For the group comparisons, in addition to time variables, the Group Model included only three group variables, Afro-American, Hispanic ENG, and Hispanic ELL, with the White group as a reference, as follows:
where the intercept parameters α1, α2 …, α8 indicate the probability that a student will access college in a given year. The slope parameter β1 indicates the difference in access probability between White and Afro-American students, β2 indicates the difference in access probability between White and Hispanic ENG students, and β3 indicates the difference in access probability between White and Hispanic ELL students. As the second model, this study specified the Complete Model, which includes all the variables for the eight time periods, three racial/linguistic groups, and six contextual variables. Controlling for the group effects, this study attempted to examine the association between the contextual variables and the access probability of students in the White group as follows: where β4 indicates the effect of Internet access on access probability for a White student; β5 indicates the effect of computer use for school work on access probability for a White student; β6 indicates the effect of computer use to learn on their own on access probability for a White student; β7 indicates the effect of student gender on access probability for a White student; β8 indicates the effect of SES on access probability for a White student; and β9 indicates the effect of composite score for Math and Reading standardized tests on access probability for a White student. The other parameters represent the same variables as in Equation 1.
In order to investigate the effects of contextual variables for each of the four racial/linguistic groups, this study constructed the final four models (White Model, Afro-American Model, Hispanic ENG Model, and Hispanic ELL Model) by separating the data for each individual group in turn. For example, in the case of the Afro-American Model, this study applied the survival analysis only to Afro-American students, thus reviewing the association between the access probability of Afro-American students with Internet access, computer use for school work, computer use to learn on their own, student gender, SES, and the composite score for math and reading tests. The equation for the last four models is as below: 
Results
Preliminary Analyses
Prior to running the main survival analyses, this study examined the fundamental features of the data by running a series of descriptive and correlation analyses. Table 1 displays the college access rates of these four racial/linguistic groups. Overall, higher proportions of White (88.1%) and Afro-American students (87.2%) tended to access college than Hispanic students (84.8% of Hispanic ENG group, 84.4% of Hispanic ELL group). This study explored the relationships among the variables of this study using correlation analyses, as shown in Table 2 . All the contextual variables exhibited significant correlations with college access. Internet access and two computer variables had a positive relationship with college access. When students had access to the Internet at home, they tended to access college more (r = .17, p < .01). When students used computers for schoolwork (r = .19, p < .01) or to learn on their own (r = .10, p < .01) more frequently, they were again more likely to access college. The male variable showed a significantly negative correlation with college access, with male students displaying lower access rates than female students (r = -.11, p < .01). Students' SES levels and their composite scores for math and reading tests both showed positive correlations with college access, with higher SES levels (r = .21, p < .01) and higher scores (r = .26, p < .01) being associated with a higher likelihood of college access. This study also examined the means and frequencies of contextual variables across the four racial/linguistic groups. Table 3 reveals notable differences in Internet access, SES, and the composite score for mathematics and reading tests across different groups. While 87.8% of White students had the Internet at home, a smaller proportion of other groups had Internet access (64.6% of Afro-American, 72.7% of Hispanic ENG, and 60.3% of Hispanic ELL) and compared with White students (M = 0.22), other students had lower SES levels (M (Afro-American) = -0.09; M (Hispanic ENG) = -0.05; and M (Hispanic ELL) = -0.28). A similar pattern was detected in math and reading scores, with White students (M = 53.34) scoring better than the other student groups (M (Afro-American) = 43.83; M (Hispanic ENG) = 46.88; and M (Hispanic ELL) = 43.52). White students (M = 2.60) also had a tendency to use computers for schoolwork slightly more frequently than other groups (M (Afro-American) = 2.52; M (Hispanic ENG) = 2.50; and M (Hispanic ELL) = 2.48), although there was not much difference in the frequency of using computers to learn on their own across these groups (M (White) =2.46; M (Afro-American) = 2.42; M (Hispanic ENG) = 2.47; and M (Hispanic ELL) = 2.42). Note: ComSchool = computer use for schoolwork; ComOwn = computer use for learning on their own; SES = socio-economic status; Math/Reading = mathematics and reading.
College Access Trajectories Using the Life Table Method
This study adopted the Life Table Method to investigate the trajectories of the access/no-access probabilities. As shown in Table 4 , students displayed the highest access probability in the first year (h(t1) = .71), after which the access probabilities fell dramatically, starting from the second year (h(t2) =. 12) and stayed low throughout the last six years (h(t3) =.06, h(t4) = .05, h(t5) = .05, h(t6) = .05, h(t7) = .05, and h(t8) = .06). Overall, the four groups displayed a very similar pattern, with a peak in the first year and then decreasing over time, although there were some group-specific features. In the first year, White students (h(t1) = .74) revealed a notably higher probability than the other groups: Afro-American (h(t1) = .63), Hispanic ENG (h(t1) = .61), and Hispanic ELL (h(t1) = .59). Afro-American students demonstrated relatively high probabilities in the last four years, with a particularly high probability in the final year (h(t8)= .10) compared to all the other groups: White (h(t1) = .05), Hispanic ENG (h(t1) = .06), and Hispanic ELL (h(t1) = .04). Compared with the White and Afro-American students, Hispanic students showed lower probabilities over time, albeit with some exceptions in certain time periods (for example, Hispanic ENG, h(t2) = .16). Most notably, Hispanic ELL students displayed the lowest probabilities for every year except the fourth year.
To present accessing pattern over the time graphically, this study plotted the access probabilities for the four racial/linguistic groups (Figure 1) , which confirmed the above-mentioned similar pattern for all groups of the access probability peaking in the first year and then declining over time. Many students accessed college in the first year but then the numbers decreased from the second year onwards, with much smaller numbers of students accessing college in the last six years, with the sole exception of Afro-American students in the final year Figure 1 . Estimated hazard probabilities for college access of racial/linguistic groups To promote understanding of college access patterns further, this study included the cumulative probabilities of no-access (no-access probabilities) in Table 4 . No-access probability represents the cumulative proportion of students who had not yet accessed college up to a given year. At the beginning of the study, none of students had accessed college (S(t0) = 1), then in the first year the no-access probabilities dropped dramatically (All, S(t1) = .30) as many students accessed college in the first year.
Out of the four groups, White students showed the lowest no-access probability in the first year (S(t1) = .26), as their access probability was the highest in that year, and the no-access probability for Hispanic ELL was the highest (S(t1) = .41), as their access probabilities were lower than those of the other groups. Cumulatively, around 17% of White students did not access college for eight years after they completed high school (S(t8) = .17), with higher proportions of students from other groups also failing to access college at any point: 21% of Afro-American (S(t8) = .21), 23% of Hispanic ENG (S(t8) = .23), and 28% of Hispanic ELL students (S(t8) = .28). Figure 2 confirms this pattern of no-access probabilities for the four groups over time.
Group Comparison Model for the Discrete-Time Survival Analysis
As shown in Table 5 , this study explored group differences in college access rate by performing a discrete survival analysis that included only the time and group variables. This study detected significant differences in college access between the target groups and the White group. Students from the Afro-American, Hispanic ENG and Hispanic ELL groups were less likely to access college compared with their White peers. Compared to the White group, the likelihood of accessing college for the Afro-American group was 38% lower (e (Afro-American) = 0.62, p < .01), for the Hispanic ENG group it was 31% lower (e (HsipanicENG) = 0.69, p < .01), and for the Hispanic ELL group it was 25% lower (e (HispanicELL) = 0.75, p < .01).
Complete Model of Discrete Survival Analysis
This study performed another discrete survival analysis to investigate which contextual factors were associated with the college access probability of White students after controlling for group differences. As the data presented in Table 5 demonstrate, the Complete Model revealed that students' college access was significantly associated with the following student factors: student access to the Internet at home, computer use for schoolwork, being male, SES and the composite score for math and reading.
Internet access and more frequent use of computers for schoolwork were associated with a higher chance of accessing college (e (Internet) = 1.34, p < .01; e (ComSchool) = 1.31, p < .01, respectively), while the access probability of male students was lower than that of their female peers (e (Male) = 0.75, p < .01). Higher SES and a higher composite score for math and reading were both associated with a higher likelihood of accessing college (e (SES) = 1.60, p < .01; e (MthReading) = 1.03, p < .01, respectively).
Ethnic/Linguistic Models of Discrete Survival Analysis
Finally, this study conducted a series of discrete survival analyses to investigate the effects of the various contextual factors among the four different groups in order to gain a clear understanding of the direct effect of these contextual factors, building on the indirect interpretations obtained from the comparisons with the reference group. This study explored the effects of the factors for each of four groups simultaneously by separating the data for each group and constructing four models for White students (White Model), Afro-American students (Afro-American Model), Hispanic ENG students (Hispanic ENG Model), and Hispanic students (Hispanic ELL Model). The results are displayed in Table 5 . Note: *p < .05; ** p < .01; Internet = Internet access at home; SES = socio-economic status; ComSchool = computer use for schoolwork; ComOwn = computer use for learning on their own; Math/Reading = mathematics and reading.
The White Model confirmed that all the contextual factors had a significant association with the likelihood of accessing college. White students with Internet access and/or more frequent use of computers for schoolwork were significantly more likely to access college (e (Internet) = 1.26, p < .01; e (ComSchool) = 1.40, p < .01, respectively). However, White students who used computers to learn on their own displayed a significantly lower likelihood of college access (e (ComOwn) = 0.94, p < .01) and male students were also significantly less likely to access college than their female counterparts (e (Male) = 0.74, p < .01). Students with a higher SES level and a higher score in math and reading displayed a significantly higher chance of college access e (SES) = 1.67, p < .01; e (MthReading) = 1.04, p < .01, respectively).
According to the Afro-American Model, a higher chance of college access was correlated with Internet access as well as more frequent use of computers for schoolwork and computers to learn on their own among Afro-American students (e (Internet) = 1.17, p < .01; e (ComSchool) = 1.07, p < .01; and e (ComOwn) = 1.08, p < .01, respectively). Afro-American male students were less likely to access college than their female peers (e (Male) = 0.81, p < .01), but again higher SES level and a higher score for math/reading among Afro-American students were significantly related to a higher chance of college access (e (SES) = 1.58, p < .01; and e (MthReading) = 1.04, p < .01, respectively).
As shown in the Hispanic ENG Model, Hispanic ENG students tended to access college significantly more when having access to the Internet (e (Internet) = 2.06, p < .01), using computers for schoolwork (e (ComSchool) = 1.12, p < .01), and/or using computers to learn on their own (e (ComOwn) = 1.24, p < .01). Male Hispanic ENG students had a lower likelihood of college access than their female counterparts (e (Male) = 0.67, p < .01), while Hispanic ENG students who had a higher SES level were more likely to access college (e (SES) = 1.54, p < .01). Surprisingly, after controlling for all other variables Hispanic ENG students who scored higher in math and reading tests demonstrated a lower likelihood of accessing college (e (MthReading) = 1.00, p < .01).
The Hispanic ELL Model revealed that Internet access and more frequent use of computers to learn on their own had a statistically significant association with the likelihood of access among Hispanic ELL students (e (Internet) = 1.37, p < .01; e (ComOwn) = 1.72, p < .01, respectively). However, computer use for schoolwork had a significant association with access likelihood among Hispanic ELL students. As in the other groups, Hispanic ELL male students exhibited a significantly lower college access rate than their female peers (e (Male) = .94, p < .01). Higher SES level and higher scores in Math and Reading tests were again significantly related to higher access among Hispanic ELL students (e (SES) = 1.09, p < .01; e (MthReading) = 1.05, p < .01, respectively).
Discussion
By conducting a series of discrete-time survival analyses, this study investigated the college access trajectories of three target racial and linguistic groups in the United States: Afro-American, Hispanic ENG, and Hispanic ELL, with White as the reference group. This study then examined the relationship between contextual variables and college access, paying attention specifically to the potential differences across racial and linguistic groups. According to the findings, compared with White high school graduates, their peers in other racial and linguistic groups showed significantly lower levels of college access. The study provides empirical evidence regarding the unequal access to college among different racial and linguistic groups in the U. S. The results revealed a pressing need for educational researchers to address college access issues from a racial and linguistic perspective that focuses particularly on students in the Afro-American, Hispanic ENG, and Hispanic ELL groups.
The study presented college access patterns over the eight years after high school completion via a set of generic and group-specific trajectories. The general trajectories showed that the access rate peaked in the first year and then decreased over time. High school graduates tended to enter college within one year of high school graduation, with only a relatively small percentage accessing college for the first time in the following seven years. These findings support those reported by previous studies that found a negative association between college access and college postponement of one year or more (Bozick & DeLuca, 2005; Niu & Tienda, 2013) .
Therefore, this study urges educators and parents to encourage students to transition to college directly after their high school graduation rather than delaying enrollment. The group-specific trajectories revealed a relatively higher college access rate in the eighth year among students in the Afro-American group, which suggests that some Afro-American students may have postponed their enrollment in college in order to gain work experience, then applied to obtain a college degree after those seven years (Martin, 2010) . When advising Afro-American students about postsecondary education opportunities, educators and parents need to be aware of the tendency of some Afro-American students to delay college access.
As one of the important predictors for college access, this study included Internet access at home and demonstrated its significant role for all four racial and linguistic groups. This finding supports emerging empirical analyses results regarding its association with college access, extending the influence of Internet access beyond academic performance in high school, as found by existing studies (Luu & Freeman, 2011) . In spite of its importance, students in the Afro-American, Hispanic ENG, and Hispanic ELL groups were found to have lower Internet access rates compared with their White peers. In particular, students in the Hispanic ELL group showed the lowest access rate.
This finding advances the body of knowledge on the digital divide to reveal another aspect of this divide along the boundaries of racial and linguistic status beyond a simple unidimensional aspect of race or linguistic status (NTIA, 2018) . Future studies on the digital divide across racial and linguistic groups might consider exploring the issue of unequal access to different types of connections (Davison & Cotten, 2009 ) and devices (Pearce & Rice, 2013) rather than focusing solely on physical access to the Internet. The unequal access to certain types of connections and devices might create additional barriers for some racial and linguistic groups in obtaining essential college information, even with physical access to the Internet.
In this study we also explored the role of computer use for educational purposes as another important predictor for college access, looking specifically at the generic and differential effects of computer use for schoolwork and for learning on their own across four racial and linguistic groups. In the case of computer use for schoolwork, a significant contribution was found on college access for all of the racial and linguistic groups except the Hispanic ELL group. In terms of using the computer to learn on their own, the study identified a significantly positive association with college access for students in the Afro-American, Hispanic ENG, and Hispanic ELL groups, narrowing the gap between these groups and the White group. These findings suggest that, for students in the Afro-American and Hispanic ENG groups, educators need to emphasize the more frequent use of computers for schoolwork and learning on their own and strongly encourage the Hispanic ELL group to use computers to learn on their own more frequently.
The positive contribution of educational computer use for specific racial and linguistic groups might be partially due to the fact that the frequent use of computers, the preferred device for navigating the web for academic/serious purposes (Mossberger, Tolbert, & Hamilton, 2012) , might have helped students in those groups gain the technology skills needed for navigating the often-complex online college application and admissions process. These findings suggest that future studies might design targeted interventions to help students attain college access-related digital skills (Fairlie & Bahr, 2018) by training them to use computers to search for college information and apply for college online.
Importantly, educators need to pay special attention to the distinctive benefits of computer use to learn on their own for all the targeted racial and linguistic groups. One problem faced by many disadvantaged students who are members of racial or linguistic minorities is the lack of family members who are familiar with the complicated online application process and, thus, can help them interpret and process online college information (Brown et al., 2016) . One possible reason for the pronounced benefit of computer use for learning on their own, as opposed to computer use for schoolwork, might be that frequent use for autonomous learning could have helped the targeted racial and linguistic students attain additional self-directed learning skills by using computers in a way that enabled them to apply their knowledge and skills to choose, manage, and exploit pertinent information and resources throughout all the steps of the online college application process autonomously (Rashid & Asghar, 2016; Sumuer, 2018) .
In summary, the study's findings on group-specific guidance of computer uses for educational purposes provides an empirical basis for future research that extends their potential as important factors for college access beyond academic performance in high school (Drain, Grier, & Sun, 2012; Freeman, 2012; Kim & Chang, 2008; Papanastasiou & Ferdig, 2006) . At the same time, it contributes to the rich body of knowledge on college access and associated factors by adding empirical evidence on Internet access and computer uses to existing factors, including college knowledge (Perna, 2006) , college aspirations (Dyce, Albold, & Long, 2013) , academic preparation and achievement (Perna, 2005) , and parental involvement (Horn, 1998) .
In an attempt to examine access rate and associated factors properly, this study employed survival analysis, an advanced statistics methodology suitable for exploring educational phenomena with dichotomous outcomes using longitudinal data. A discrete-time survival analysis was conducted for this study, creating a series of models using a broad time metric of a year to measure the occurrence of an educational event: college access. By building a series of discrete-time survival analyses, this study focused on exploring the effect of Internet access and computer use for educational purposes on accessing college. Grounded on our findings on the access to generic colleges, future research could build a competing risk model (Allison, 2010) to investigate more specific roles of ICT uses on attending different types of colleges, for example two-year or four-year institutions, among the various racial and linguistic groups, considering potential disparities at selective colleges (ED Data Express, 2018).
